I. Introduction
The world population increased threefold in 20 th century thus increasing the need of renewable water resources 1 . This population advancement coupled with industrialization and urbanisation has led to greater demand and shortage for water worldwide. According to estimates by WHO/UNICEF in 2000, more than two out of five people lacked access to safe drinking water by 2000 2 . In Kenya, 17.2 million People who constitute about 43 percent of the population have no access to clean water. This situation may worsen due to the rapid population growth in both rural and urban areas that stresses the existing water supply systems 3 . Further, this has been accompanied by remarkable growth in light and informal (jua kali) industries like textiles, leather, paper, plastics, electroplating, cement, metal processing, wood preservatives, paints, pigments and steel fabricating industries 4 which discharge large quantities of toxic wastes 5 .
Recent studies on open-air mechanical workshops in Kenya have reported that they contribute significant amounts of mobile and bioavailable heavy metal contaminants 6, 7 .There are several ways that dissolved heavy metals can be removed from water that include ion exchange, reverse osmosis, precipitation, ultrafiltration, , electrodialysis and adsorption 8 . Most of them require high energy and advanced operations that are out of reach to many low income earners. Higher turbidity increases water temperatures because suspended particles absorb more heat. This, in turn, reduces the concentration of dissolved oxygen (DO) because warm water holds less DO than cold. Removal of colour is a function of water treatment. Coloured water can limit the penetration of light. Thus highly coloured body water cannot sustain aquatic life which can lead to long term impairment of ecosystem.
Consequently, this study explores possibilities of developing cheap water treatment adsorbent from agricultural waste maize cobs. The elemental composition of maize cob ash was determined to establish the suitability of maize cob products in water remediation. Indeed findings herein suggest that maize cobs can be used as raw materials for developing adsorbent materials for heavy metal removal from contaminated water.
II. Methods And Materials

Preparation of activated charcoal and ash
Maize cobs used in this study were collected from a local farmer in Ruiru district in Kiambu County. The cobs were transported to the laboratory where they were washed with distilled water and sun dried. The dry maize cobs were heated in furnace in absence of air by use of tightly closed clay pots at a temperature of 400 o C for eight hours. The charcoal obtained was cooled in air and crushed to finer particles using motor and pestle. Activation was done by mixing charcoal powder from the cobs and 1M sulphuric acid in the ratio of 1:2 3 ) followed by heating in absence of air in the furnace at a temperature of 350 o C for six hours. Ash from maize cobs was made by heating dry maize cobs in a furnace at a temperature of 400 o C in presence of air. The chemical composition of the ash obtained was determined by X ray diffraction method. The adsorption studies for lead and cadmium were done using non-activated charcoal, activated charcoal and ash.
Preparation of standard and test solution of Pb
2+ and Cd 2+ ions 1.5990g of analytical grade lead nitrates was dissolved in 200mL of distilled water. The resulting solution was diluted to 1000mL mark using distilled water. This was the 1000ppm stock solutions of lead. Standard solutions of 2, 4, 6, 8 and10 ppm were prepared by successive dilution of the stock solution. Cadmium nitrate was prepared in the same way by measuring 2.745g of cadmium nitrate.
Instrumentation
The Pb 2+ and Cd 2+ ion concentrations in the various solutions were determined using atomic absorption spectrophotometer model AAS 4141, ECIL, India at wavelength 283.3nm for lead and 228.9nm for cadmium in flame mode using air-acetylene flame. The pH meter, model PHEP, Hanna instrument, Italy, was used in this study at a pH of 7 which was adjusted using a buffer of 7 and a temperature of 22.7 o C. All concentrations were determined in triplicates. A standard and blank sample was run after every seven samples to check instrumental drift. Calibration curve method was used to quantify the heavy metal concentration. Turbidity of water was determined using Turbidimeter, model 2100P (HACH) while colour was determined by U.V spectrophotometer, model C 2041, 2000 series at wavelength 601.0 nm.
Batch experiments
A temperature-controlled water-bath shaker (DKZ-1 NO.1007827) was used for the batch adsorption experiments. The experiments were performed at the same shaking speed. For each experimental run, 50mL aqueous solution of known concentrations of Pb 2+ and Cd
2+
ionswere put in 120mL plastic bottles that contained known masses of maize cob charcoal(MC),activated maize cob charcoal(AMC) and Ash. These bottles were agitated at a constant shaking rate of 360 rpm and temperature of 25ºC for 120 minutes, centrifuged and filtered. 
Removal of colour
To investigate removal of colour by the three adsorbents, methylene blue was used to add colour in water. 1 g of methylene blue was dissolved in one litre of distilled water to make 1000 ppm of solution from which working solutions of 5, 10, 15, 20 and 25 ppm were prepared by dilution. To 100 mL of the solution 0.2 g of the adsorbent was added. The mixture was shaken for two hours at constant shaking speed after which it was centrifuged and filtered. The intensity of methylene blue colour remaining in solution was measured using UV visible spectroscopy.
Removal of turbidity
To investigate turbidity removal from water, 20 g of red soil was added to 1000 mL of distilled water, stirred for about 10 minutes and allowed to settle. The mixture was then filtered and turbidity of the water measured using turbidity meter. Five water samples of 100 mL each were put in different bottles. Different adsorbent dose of 0.1, 0.2, 0.3, 0.4 and 0.5 g were added to water samples which were then shaken at constant speed for two hours. The mixture was filtered and turbidity of filtrate measured. This was done for all the three adsorbents.
III. Results And Discussion
Elemental Composition of Ash
The percentage composition of major elements in maize cob ash was analysed by use of X-ray fluorescence (XRF). Table 1 shows percentage composition of elements present. Table 1 shows different oxide present in maize cob ash. As shown, the major elements (oxides) found in maize cob ash were K 2 O, SiO 2 , Cl, SO 3 , CaO, P 2 O 5 and Fe 2 O 3 at percentages of 67.1, 15, 6.1, 4.8, 3.1, 2.3 and 1.0 respectively. ZnO and MnO were found in small amounts of 0.49 and 0.1 respectively while PbO and TiO 2 were detected at even smaller percentages of 0.08 and 0.07 respectively. This indicates that no toxic elements other than PbO are present in the ash. The low level of PbO at 0.08% coupled with its insolubility in water shows that the ash is safe for use in water treatment. Figure 1 shows the effect of initial concentration on percentage removal of Pb 2+ ions. The percentage removal of Pb 2+ decreased from100 % for 5ppm to 68 % for 200mg/L at a contact time of 2 hrs and adsorption temperature of 25 ºC when 0.2 g of maize cobs charcoal, (MC) was used. Decrease in percentage removal using MC adsorbent suggested that amount of Pb 2+ ions surpassed the fixed number of available active sites. The trend was different for activated maize cobs charcoal (AMC) and Ash since the percentage removal increased with increase in concentration then a decrease. At 5 mg/L the percentage removal was 40 percent which increased to 98 % at 25 mg/L the percentage removal then decreased up to 20 % at 200 mg/L. This could have been caused by saturation of the pores at low (high) concentrations. The percentage removal by ash increased from 16 % at 5 ppm to 65 % at 20 ppm then decreased to 30% at 200 ppm. Saturation of the adsorbent pores could have led to decrease in percentage removal. , temperature of 25 o C, shaking speed 240 rpm and pH 7). The results obtained are shown in table 2. As shown the three adsorbents gave the similar trend. The percentage removal of Pb 2+ ions increased as contact time was increased until a plateau was reached at 150 min for all adsorbents. One sample in each case was shaken upto 1440 min in order to get maximum adsorption capacity for the adsorbents Activated maize cob charcoal gave the highest percentage removal after 150 min compared to the other adsorbents. The percentage removal efficiency for AMC at equilibrium time (150 min) was 79.89 % while that of ash was 77 % and MC was 68 % at the same shaking speed and constant adsorbent dose of 0.2g. At the equilibrium time for both adsorbents no more adsorption could take place due to rates of adsorption being equal to the rate of desorption. The variation of contact time on percentage of adsorbed cadmium (II) ions showed a similar trend for the three adsorbents as shown in table 3. The percentage removal increased with increase in contact time.. Ash gave the highest percentage removal for cadmium ions at the equilibrium time (86 percent) followed by AMC which gave a percentage of 69 and MC gave 60 %. The trend observed for both cadmium and lead is in agreement with findings of Ho and Mckay (1998) 9 . The nature of the adsorbent and its available sorption sites affected the time needed to reach equilibrium. This may be explained by the fact that initially a large number of vacant sites were available and as the adsorption process continued, much of the available sites were used up Figure 4 shows variations in the percentage removal of cadmium (II) ions as the adsorbent doses were increased. The highest percentage removal by maize cob charcoal (MC) was 91 % at a dose of 0.3 g followed by ash which gave 90.5 % at a dose of 0.5 g while activated maize cob charcoal (AMC) gave 90 % at 0.4g. MC plateaued at 0.3 g and AMC at 0.4 g. Increase in percentage removal is due to increase in adsorbent surface area as well as the active sites available as the adsorbent is increased. No increase in percentage removal beyond 0.4g of adsorbent. This is associated to saturation of adsorption sites as reported by Mureithi et al., 2012 using water hyacinth as the adsorbent 11 .
Batch adsorption experiments Effect of initial metal ion concentration
Effect of dosage on percentage removal of metal ions
Effect of shaking speed
The effect of shaking speed on percentage removal of lead (II) ion was investigated for two adsorbents using 50mL of solution whose metal ion concentration was 10mg/l. The results in fig 5 show that as the shaking speed is increased the percentage removal of the metal ion also increased. The maximum percentage removal for AMC was 60 % at 120rpm and for MC was 81 % at 360rpm. For cadmium (II) ions, percentage removal increased with increase in shaking speed, for AMC the percentage removal increased from 51 to 80 % at 240rpm and for MC the percentage removal increased from 65 to 77 % at 240rpm as shown in figure 6 . For both adsorbents the maximum percentage removal was attained at a shaking speed of 240 revolutions per minute. o C, 10mg/l, 2Hrs and pH7) This is due to increased diffusion rate of metal ions from the bulk liquid to the liquid boundary layer surrounding sorbent particles as the agitation speed is increased 12 . Enhancement of turbulence also ensures good diffusion of ions towards the sorbent particles. Low et al. [1997] suggested that increasing the agitation rate increases the external film mass transfer coefficient hence the rate of uptake due to reduction of the film boundary layer surrounding the sorbent particles 13 .
Removal Of Pb
Effect of temperature
The effect of temperature on the percentage removal of lead (II) ions is shown in figure 7 . From the figure it is clear that the percentage removal efficiency decreased with increase in temperature for both activated maize cob charcoal and Ash. The maximum percentage removal occurred at low temperatures. o C then decreased to 52 % at 100 o C this suggest that maximum adsorption occurred at 323 k. For MC the percentage removal was almost constant for all temperatures. Adsorption of metal ions is an exothermic reaction hence it is favoured at low temperatures 14 . The trend can also be explained by the fact that, increasing the temperature increases the kinetic energy of metal ions which in turn overcomes the binding energy making the metal ions not to bind to the surface. Figure 9 shows the effect of concentration on percentage removal of methylene blue from water. The percentage removal increases with increase in concentration for ash and maize cob charcoal. For activated charcoal, percentage removal increased as the initial concentration was increased then followed by a slight Figure 10 shows the effect of adsorbent dose on removal of turbidity from water using ash. The graph shows that the percentage removal of turbidity from water increases with increase in adsorbent dose because as the adsorbent dose is increased more surface is available for adsorption. After a dosage of 0.2g the percentage removal was almost constant. The highest percentage removal was 60 % at dosage of 0.5g. AMC and MC were found to increase turbidity rather than reducing it.
Removal of methylene blue
Fig 10:
Effect of adsorbent dose on turbidity removal using ash from maize cobs(25 o C, 10ppm, 2Hrs, 240rpm and pH=7) Adsorption isotherms for lead and cadmium (II) ions and methylene blue
The data obtained for both lead (II) and cadmium (II) ions was fitted into linearized equations of Langmuir and Freundlich models. The thermodynamic constants obtained for maize cob charcoal, activated maize cob charcoal and ash are summarized in Table 3 -5. The results obtained for lead using the three adsorbents were fitted in both Langmuir and Freundlich isotherm and the constants obtained for both models are shown in Table 3 . As shown on activated maize cob charcoal and maize cob charcoal best fitted into the Langmuir model based on R 2 values of 0.934 and 0.925 respectively. The adsorption capacities, q max , of AMC and MC for lead were found to be 13.0and 2.91 mg/g respectively. Ash gave best fit in Freundlich isotherm with r 2 value of 0.953and adsorption capacity of 2.59 mg/L. Of the three adsorbents AMC had the highest adsorption capacity which could have been due to activation. Activation increases the binding sites of the adsorbent. 
IV. Conclusion
The work demonstrates that charcoal, activated charcoal and ash from maize cobs can lead to cheaper methods of water purification. Poisonous lead (II) ions and cadmium (II) ions can now be eliminated from drinking water reducing chances of poisoning. Activation increased the efficiency of the adsorbent towards Pb 2+ while MC gave the higher adsorption capacity for Cd
2+
. 
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